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[Y(Cp ttt )2(BH4)] (2-Y)
. THF (20 mL) was added to a pre-cooled (-78 °C) ampoule containing 1-Y (0.639 g, 1.8 mmol) and KCp ttt (0.996 g, 3.6 mmol). The reaction mixture was allowed to slowly warm to room temperature and then refluxed for a further 16 hours.
Volatiles were removed in vacuo and toluene (20 mL) was added. The reaction mixture was allowed to reflux for 16 hours. The resultant suspension was allowed to settle for 3 hours and filtered. The yellow solution was concentrated to 3 mL and stored at 8 °C to afford colourless crystals (0.444 g, 43% forming a pale-yellow precipitate. The volatiles were removed under vacuum to give a yellow powder, which was washed with hexane (15 mL) and benzene (15 mL 4 The structures were solved using SHELXS; 5 the datasets were refined by full-matrix least-squares on all unique F 2 values, 6 with anisotropic displacement parameters for all non-hydrogen atoms, and with constrained riding hydrogen geometries; Uiso(H) was set at 1.2 (1.5 for methyl groups) recorded as a 1.023 mM solution in DCM.
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Magnetic measurements
Solid state magnetic measurements were made using a Quantum Design MPMS-XL7 superconducting quantum interference device (SQUID) magnetometer. Crystalline samples with mass ranging between 15 and 40 mg were crushed with a mortar and pestle under an inert atmosphere, and then loaded into a borosilicate glass NMR tube along with ca. 5 -20 mg powdered eicosane, which was then evacuated and flame-sealed to a length of ca. 5 cm.
The eicosane was melted by heating the tube gently with a low-power heat gun in order to immobilise the crystallites. The NMR tube was then mounted in the centre of a plastic straw using friction by wrapping it with Kapton tape, and the straw was then fixed to the end of the sample rod. The measurements were corrected for the diamagnetism of the straw, borosilicate tube and eicosane using calibrated blanks, and the intrinsic diamagnetism of the sample using Pascals constants. 10 Complex 3-Tb is temperature sensitive so this sample was maintained below 260 K during measurement. Magnetic data is compiled in Tables S3-S9 and Figures S25-S38. Figure S29 . Fitting of relaxation rates for 2-Tb. Blue line is power-law (Raman) model (second line Table S5 ), green line is exponential (Orbach) model (first line Table S5 ). Table S5 . Best fit parameters to the relaxation rates for the ac data of 2-Tb. Figure S32 . Fitting of relaxation rates for 3-Tb in a zero applied field. Blue line is power-law (Raman) model (second line Table S7 ), green line is exponential (Orbach) model (first line   Table S7 ). Table S7 . Best fit parameters to the relaxation rates for the ac data of 3-Tb, in a zero applied field. . Figure S34 . Zero-field cooled (squares) and field cooled (circles) for 3-Tb, measured at 1000
and 500 Oe external fields.
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Calculations
We used MOLCAS 8.0 11 to perform CASSCF-SO calculations of 2-Tb and 3-Tb complexes in order to determine their electronic structures. We employed the molecular geometries from the single crystal XRD structure with no optimisation, taking the largest disorder component only. Basis sets from ANO-RCC library 12, 13 were employed with VTZP quality for Ln atoms, VDZP quality for the cyclopentadienyl C atoms, the two in-plane hydrogen atoms from the closest t-butyl groups and the equatorial boron atom (2-Tb only),
and VDZ quality for all remaining atoms, in conjunction with the second-order DKH transformation. Cholesky decomposition of the two-electron integrals with a threshold of 10 
